The effects of forest conversion to agricultural land uses on assemblages of aquatic insects were analyzed in subtropical streams. Organisms and environmental variables were collected in six low-order streams: three streams located in a forested area, and three in areas converted to agricultural land uses. We expected that the aquatic insects' assemblage attributes would be significantly affected by forest conversion, as well as by environmental variables. Streams in converted areas presented lower species richness, abundance and proportion of sensitive insect taxa. The ANOSIM test evidenced strong difference in EPT assemblage structure between streams of forested and converted areas. The ISA test evidenced several EPT genera with high specificity to streams in forested areas and only one genus related to streams in converted areas. Thus, the impacts of the conversion of forested area to agricultural land uses have significantly affected the EPT assemblages, while environmental variables were not affected. We suggest that the effects detected can be influenced by two processes related to vegetation cover: i) lower input of allochthonous material, and ii) increased input of fine sediments in streams draining converted areas.
Introduction
The conversion of forested areas into agricultural landscapes causes impacts on aquatic ecosystems worldwide (Suga and Tanaka, 2013) , especially on small streams, which are among the most threatened habitats due to the extent of agricultural land (Harding et al., 1998) . Streams provide habitats for an array of species and have strong biological linkages with entire river systems (Meyer et al., 2007) . Furthermore, they maintain a reciprocal connectivity between terrestrial and aquatic ecosystems (Nakano and Murakami, 2001 ). However, they are small in size and are very sensitive to deforestation and land conversion (Benstead et al., 2003; Kasangaki et al., 2008) . The alteration of land cover may increase the rate of superficial runoff, as well as the amount of sediment inflow and nutrients (Kasangaki et al., 2008; Pringle and Benstead, 2001 ). The superficial runoff in deforested areas and in agricultural crops increases the values of electric conductivity and turbidity of the water in streams (Kasangaki et al., 2008; Sutherland et al., 2002; Trayler and Davis, 1998) . Thus, the superficial runoff causes impacts on the physicochemical conditions of the streams, especially in the areas of agricultural crops, affecting the structure of aquatic communities (Benstead et al., 2003; Kasangaki et al., 2008; Roy et al., 2003; Yoshimura, 2012) . Furthermore, the conversion of forest areas reduces the input of allochthonous material in the stream, modifying its trophic structure (Abelho and Graça, 1998) . Thus, the abundance of species of shredders tends to be higher in forested streams than in streams in areas converted to crops (Encalada et al., 2010; Scrimgeour and Kendall, 2003) .
Streams that drain preserved areas in tropical and subtropical regions maintain high diversity of aquatic insects (Crisci-Bispo et al., 2007; Melo and Froehlich, 2001; Siegloch et al., 2012) . Streams that present riparian vegetation have higher species richness than streams without such vegetation (Corbi and Trivinho-Strixino, 2008) . Land uses in annual crops, such as sugarcane and pasture, cause different impacts on the chemical composition and communities of aquatic invertebrates living in streams (Omento et al., 2000) . Studies in tropical streams have documented a decrease in richness of aquatic insects of the orders Ephemeroptera, Plecoptera and Tricoptera (EPT) in streams impacted by land uses (Hepp and Santos, 2009; Hepp et al., 2010; Molozzi et al., 2007; Nessimian et al., 2008 , 2014; Siegloch et al., 2014) . These three orders are considered the group of aquatic insects most sensitive to human interference (Rosenberg and Resh, 1993) and are among the most used metrics for indices of biotic integrity (e.g., Baptista et al., 2007; Suriano et al., 2011) . The ecological impacts of forest conversion remain unclear, especially on communities of aquatic insects from streams inserted in an originally forested matrix that was converted into agriculture, as occurs in a great part of the southern Brazilian region. This region has been historically used for agriculture, especially the cultivation of soybeans and corn, and its conversion for agriculture dates from the early twentieth century (SEMA, 2005) . On the other hand, the existence of protected forest areas allows us to understand how the conversion of soil into contiguous areas of agriculture affects communities of macroinvertebrates in streams draining these areas. Such information is essential for the conservation of aquatic communities of small streams, as well as to the elaboration of policies for the management and conservation of local natural resources.
The aim of this study was to test the impacts of forest conversion to agricultural land uses on the aquatic insects of streams. Thus, we analyzed the difference between EPT assemblages from streams of a large forested area and of an adjacent agricultural converted area. Additionally, environmental variables were recorded. Considering that land uses are important predictors of environmental variables of the streams (Kasangaki et al., 2008) and that EPT are taxa sensitive to environmental changes (Rosenberg and Resh, 1993) , it is expected that EPT assemblages attributes will be significantly affected by forest conversion, as well as environmental variables.
Material and methods

Study site
The study was performed at Parque Estadual do Turvo (PET) and surrounding areas belonging to the municipality of Derrubadas, located in northwestern Rio Grande do Sul state (2714'34.08"S, 5357'13.74"W). The PET has 17,491 ha and about 90km of perimeter and holds a significant portion of the preserved semi-deciduous forest in the state of Rio Grande do Sul (Oliveira-Filho et al., 2013; Prado, 2000) . This vegetation formation originally extended from the state of Paraná to northwestern Rio Grande do Sul (Irgang, 1980) . The climate of the study site is characterized as subtropical sub-humid areas with dry summer (ST SB v) (Maluf, 2000) . The annual average of rainfall is about 1,665 mm, with well-distributed rainfall throughout the year, although with lower average of rainfall in the months of February, July, August, and December (SEMA, 2005) .
The PET is inserted in the basin of the Rio Uruguai region and is drained by this river along its northern boundary. Beyond the Rio Uruguai, the PET is drained by four main tributaries, which can be individualized in four distinct watersheds: Rio Parizinho, Arroio Mairosa, Arroio Calixto, and Rio Turvo (Fig. 1) . Only one of the headwaters of the watersheds cited above is totally included within the boundaries of the conservation unit (SEMA, 2005) . In general, the streams that drain the PET cover a geomorphologically dissected region, formed by deep valleys carved on basalt flows of the Serra Geral Formation (SEMA, 2005) . Thus, the streams have high slopes, strong currents, and rocky substrate.
At the beginning of the 20th century, with the establishment of the immigrant colonies in southern Brazil, the region suffered a heavy deforestation process, which led to the conversion of large forested areas into agricultural landscapes, with annual cultures like soybeans and corn crops (SEMA, 2005) . Therefore, streams that have its headwaters in the adjacent areas of the PET are subject to contamination and carrying of sediment generated by human activities in the vicinities.
Sampling
The aquatic macroinvertebrates were collected between 23-25 January 2011, in three watersheds: Arroio Mairosa, Arroio Calixto, and Rio Turvo. From these, six low-order streams (1st and 2nd order, according to the classification of Strahler, 1957) were selected for study. Three streams (F1, F2, and F3) are located inside the PET, in a forested area that is completely unchanged, and three (C1, C2, and C3) are located outside of the PET, in the areas converted to agricultural land uses (Fig. 1) . Ten samples were collected with a Surber sampler (area of 0.0361 m 2 and mesh of 250 µm) in each stream, five subsamples were collected in riffle streams with leaf litter as substrate, and five were collected in riffle streams with rocky bottom as substrate, so as to obtain a varied sample of EPT (Siegloch et al., 2012; Spies and Froehlich, 2009 ). The subsamples were obtained within a stretch of about 50 meters for each stream.
The EPT were identified to genera, with taxonomic identification keys (Angrisano and Sganga, 2009 for Trichoptera; Froehlich, 2007 , 2009 Domínguez and Fernández, 2009 for Ephemeroptera). The other macroinvertebrates sampled were quantified to calculate the proportion of EPT. Voucher material will be deposited in the Collection of Aquatic Insects at Universidade Federal do Pampa, Campus São Gabriel, Rio Grande do Sul.
Additionally, at each sampled stream, the following environmental descriptors were recorded: i) water temperature (C); ii) electric conductivity (µS/cm); iii) dissolved oxygen (mg/L); iv) turbidity (NTU); v) total of solids (ppt), with a multiparameter probe (Horiba U52); vi) depth of the stream, and vii) width of riparian vegetation. 
Data analysis
Due to the effect of abundance on species richness (Gotelli and Colwell, 2001 ), we used the rarefaction analysis to compare the richness of EPT among samples of streams in forested areas and streams in converted areas. The curves were constructed for samples from 1,000 randomizations and rescaled by abundance, and generated by Ecosim 7.0 software (Gotelli and Entsminger, 2001) .
The structure of the EPT assemblage in streams of forested areas and in converted areas was analyzed using the similarity coefficient of Bray-Curtis, with subsequent ordination by non-metric multidimensional scaling (NMDS) (Clarke and Warwick, 2001) . The stress was used as a measure of the representativeness of the similarity matrix by the method of NMDS. Stress values below 0.2 correspond to a reasonable fit (Clarke and Warwick, 2001) .
The structure of the EPT assemblages in forested streams and in converted areas was tested by an Analysis of Similarity (ANOSIMone way). The ANOSIM is based on statistical test R, which measures the biological significance of the difference, and varies from -1 to +1. Values near to 1 represent the greatest differences between samples groups, so the samples within each group would be more similar than between groups (Clarke and Warwick, 2001) . The R statistic with zero represents no difference between the sample groups (accepts the null hypothesis that there is no difference between samples from different groups, Clarke and Warwick, 2001 ). The ANOSIM also generates a p value similar to analysis of variance (ANOVA), with p < 0.05 indicating a significant difference. The dataset was transformed by Hellinger transformation (Legendre and Gallagher, 2001 ). Both analyses were performed using Primer v6.2 (Clarke and Gorley, 2006) .
The species indicator analysis (ISA) was performed to highlight the genera that preset a close relationship to conservation conditions of the streams tested. The ISA uses abundance and occurrence frequency of species in sample groups established a priori to identify species indicators to those conditions (Dufrêne and Legendre, 1997) . In this analysis, the samples of streams in both forested and converted areas were established as the a priori groups. The Monte Carlo test was used to verify significance values, using 4,999 permutations. The analysis was performed using the PC-ORD 4.0 software (McCune and Mefford, 1999) .
The proportions of EPT in relation to other macroinvertebrates in streams in the forested areas and streams in converted areas were tested by Binomial test (Callegari-Jacques, 2003) . The relationship between abundance and richness of EPT and the environmental variables of the water was tested by the Spearman correlation index, indicated for nonparametric data (Callegari-Jacques, 2003) . The tests were performed in the BioEstat Program 5.0 (Ayres et al., 2007) .
Results
A dataset of 5,245 individuals belonging to 35 genera of EPT was sampled at the PET and adjacent areas. From these, 13 occurred exclusively in streams of the forested area (Hagenulopsis, Tricorythodes, Paracloeodes, Baetodes, Camelobaetidius, Zelusia, Anacroneuria, Tupiperla, Atanatolica, Marilia, Polyplectropus, Polycentropus, and Itauara) , while only three genera (Caenis, Homotraulus, and Anchitrichia) were exclusive from streams in the converted area (Table 1) . Additionally, a total of 10,135 other aquatic macroinvertebrates was collected, 5,024 in streams of the forested area and 5,111 in streams of the converted ones.
The forested area showed a higher taxonomic richness of EPT than streams in converted areas ( Fig. 2; Table 1 ). The ANOSIM test evidenced strong difference in EPT assemblage structure between streams of forested and converted areas (R = 0.80, p < 0.002). The NMDS ordination representing the similarity among the samples showed strong segregation of samples of streams in forested areas from samples of streams in converted sites (Fig. 3) . EPT samples of forested areas showed greater similarity between each other than to converted ones. Moreover, samples of streams in converted areas showed lower similarity.
The results of the ISA highlighted the genera Thraulodes, Farrodes, Needhamella, Leptohyphes, Traveryphes, Americabaetis, Cloeodes, Baetodes, Anacroneuria, Polyplectropus, Itauara, and Helicopsyche as indicators of streams in the forested areas, whereas only Anchitrichia was an indicator of streams in the converted areas (Table 1 ). The indicator values (IV) of all genera were high, demonstrating that these genera have great specificity to the conservation condition of streams (Table 1) .
The mean abundance of environmental sensitive taxa (EPT) was lower in converted streams, and the proportion of EPT in relation to the total macroinvertebrates abundance was almost two times higher in streams in forested area than in converted ones (Z = 22.9; p < 0.001) ( Table 1) .
Environmental variables measured were only slightly different between streams in forested and converted areas (Table 2 ). In general, the streams from the PET were characterized by good oxygenation, low electrical conductivity, and turbidity. The streams in converted areas presented lower dissolved oxygen, increased turbidity (C1), and higher electrical conductivity and total solids (C2 and C3) Ordination diagram of NMDS of Ephemeroptera, Plecoptera, and Trichoptera assemblages at streams in forested area (F) and converted area (C). Numbers 1-3 refer to the stream; R refers to rocky bottom substrate, and L refers to leaf litter substrate. Table 1 . Abundance and richness, functional feeding groups (FFG), and indicator species analysis (ISA) of Ephemeroptera, Plecoptera, and Trichoptera genera and abundance of other macroinvertebrates sampled at streams in forested area (F) and converted area (C). Numbers 1-3 refer to the stream; R refers to rocky bottom substrate, and L refers to leaf litter substrate; IV means Indicator Value. (Table 2 ). However, a correlation between environmental variables and abundance and richness of EPT assemblages was not recorded (p > 0.05).
Discussion
Our results showed that streams draining converted areas sustained an impoverished assemblage of sensitive aquatic insects. EPT values were lower in converted areas than in forested areas, showing that conversion to agricultural uses significantly affects their assemblage structure and limits their occurrence. Significant differences in density and taxonomic richness among preserved areas and land uses have been documented in previous studies performed in Brazil (e.g., Hepp and Santos, 2009; Molozzi et al., 2007; Nessimian et al., 2008; Siegloch et al., 2014) . These results also corroborate studies on land uses and their impacts on aquatic insect assemblages performed in temperate regions of the northern hemisphere (Harding et al., 1998; Stone and Wallace, 1998) and in tropical regions (Benstead et al., 2003; Encalada et al., 2010; Kasangaki et al., 2008) .
The taxonomic composition was also affected by forest conversion, for there are several exclusive taxa of EPT, or with high specificity to streams in forested areas, as the genera Anacroneuria, Americabaetis, Baetodes, Thraulodes, Polyplectropus, and Itauara. Some of the indicated genera are considered very sensitive to anthropic impacts (Rosenberg and Resh, 1993) , like Anacroneuria and Baetodes, which are cited only to environments with low human perturbation in the subtropical region (Buckup et al., 2007; Domínguez et al., 2006; Hepp et al., 2010) . Other indicated genera, as Americabaetis, Farrodes, Itauara, Polypelctropus, and Helicopsyche are considered genera with some tolerance and are recorded in environments with human impacts (Salvarrey et al., 2014 , Siegloch et al., 2014 Spies et al., 2006) . The specificity of these genera to streams in the forested areas brings out the high effect of the agriculture land use on EPT assemblages, since the genera that present some tolerance could not satisfactorily inhabit the streams in the converted areas.
Additionally, the strong segregation and difference of samples of streams in forested areas from those of streams in converted areas reinforce the effects of forested matrix conversion in agricultural land uses. Moreover, samples of streams in forested areas were more similar among each other than samples of streams in converted areas, indicating that EPT assemblages are more structured in streams draining the forested areas than in those draining converted areas, which could be under different degrees of impact in each area.
In this way, we corroborated our hypothesis that EPT assemblage parameters are affected by conversion of the forested matrix to agricultural land uses. The effects herein detected and discussed above could be influenced by the following -and not mutually exclusiveprocesses related to vegetation cover: i) lower input of allochthonous material, and ii) increased input of fine sediments in streams draining converted areas.
The streams in forested areas are characterized by a large input of allochthonous material (Harding and Winterbourn, 1995; Quinn et al., 1997; Townsend et al., 1997; Wohl and Carline, 1996) , and the contribution of this material is essential for the maintenance of several food webs in streams (England and Rosemond, 2004; Wallace et al., 1999; Whiles and Wallace, 1997) , because the communities of aquatic invertebrates are structured to use this energy supply (Bispo and Oliveira, 1998) . In forested areas, the canopy cover provides shade, reducing the amount of sunlight that reaches the substrate background (Yoshimura, 2012) . Thus, in addition to contributing considerably with the input of allochthonous material (e.g., leaves, branches, and twigs) (Vannote et al., 1980; Yoshimura, 2012) , the canopy cover may also reduce primary production by shading effects. Thus, the conversion of these areas can strongly influence the sunlight exposure of the streams, reducing the contribution of allochthonous material and causing changes in invertebrate communities (e.g., Quinn et al., 1997) , including aquatic insects (England and Rosemond, 2004; Price et al., 2003) .
In fact, the EPT samples from streams in forested areas studied here showed higher abundance of genera with shredders and collectors habits than in streams of converted areas, although collectors were also abundant in the converted streams. This dominance may be related to the availability of allochthonous organic detritus from riparian vegetation (Vannote et al., 1980) . The higher abundance of the shredders Phylloicus and Triplectides in forested streams may be associated with differences in rates of decomposition of organic debris in streams from forests and those under land use (Encalada et al., 2010) . On the other hand, the lower richness, abundance, and low proportions of EPT recorded in the excerpts C1 and C3 may be related to smaller widths of riparian vegetation at these sites (35 and 10m respectively), which must have determined lower input of allochthonous matter. The point C2, which has a dammed spring (a pond) with fish farming, as well as drainage of sewage from domestic animals (pigs and cattle) showed high abundance of the genus Smicridea. A relationship between high abundance of Smicridea and organic enrichment has already been reported in previous studies (e.g., Bispo and Oliveira, 1998; Boon, 1984 Boon, , 1986 Silveira et al., 2006) .
Agricultural land use areas may favor the runoff of sediments (Macdonald et al., 2003) , which are deposited on the substrate of streams, interfering on the availability of periphyton (Ryan, 1991) , the main food source of scraper insects. The accumulation of fine sediment on the substrate generates the behavior of drifting, in which the insects release themselves into the stream seeking better (Larsen and Ormerod, 2010) . This process can determine that streams affected by the increased input of fine sediment have lower population density and abundance of macroinvertebrates (Larsen and Ormerod, 2010; Salvarrey et al., 2014) . In fact, some taxa of EPT that have scraper habits (e.g., Baetodes, Camelobaetidius, Tricorythodes, Atanatolica) were not found in streams located in converted areas, possibly due to sedimentation on periphyton. Sedimentation on the substrates, especially at the rocky substrate, was detected in all the streams of converted areas sampled in this study, noticed by the adhesion and impregnation of fine sediments at the hands in the act of sampling. Another relevant fact is that very fine particles can affect breathing activities of some taxa (physiological stress) by the deposition and adhesion of sediment at respiratory organs (Wood and Armitage, 1997) . Changes in macroinvertebrate communities related to the conversion of forested areas into agricultural land use areas have been widely documented (Hepp and Santos, 2009; Hepp et al., 2010; Molozzi et al., 2007; Nessimian et al., 2008; Roque et al., 2003; Salvarrey et al., 2014; Siegloch et al., 2014) . Most environmental variables sampled in this study reflect the physicochemical conditions of the water in streams during the time of sampling (i.e. hours), whereas the biological dataset of the EPT assemblages reflect the environmental conditions in the longer term (e.g., months) (Rosenberg and Resh, 1993) . Thus, any significant deposition of pollutants (e.g., pesticides) tends to move quickly through the watercourse, not being detected at the time of sampling by the environmental variables measured in this study. On the other hand, the biological dataset reflects the environmental conditions during the lifetime of the insects. Therefore, the conservation condition of streams (forested area and converted area) better reflects the differences in the assemblage structure of EPT than environmental variables alone. So, our results refuse the hypothesis that the environmental variables sampled in our study were affected by forest conversion to agricultural land uses in the PET and surrounding areas. Furthermore, several studies have shown that differences in physicochemical variables are detected anytime and with strong influence at biotic communities, especially when the impacts are due to urbanization and discharge of domestic and industrial effluents (e.g., Hepp and Santos, 2009; Hepp et al., 2010; Ometo et al., 2000) . This apparent contradiction of our results may be related to the nature of the impacts (agriculture land use), which affect more the physical structure of streams than the physicochemical variables measured.
In conclusion, our results indicate that forest conversion influences the structure of assemblages of EPT, leading to changes and reductions (1) in taxonomic richness, (2) abundance of organisms, and (3) the proportion of sensitive taxa. In this way, the present study confirms EPT assemblages as an important tool to assess environmental impacts in streams (e.g., Baptista et al., 2007; Benstead et al., 2003; Harding and Winterbourn, 1995; Kasangaki et al., 2008; Suriano et al., 2011) . Despite the existing riparian vegetation at some of the streams of converted areas, the EPT community reflected the damage caused due to conversion of the native forest to agricultural land use. Such results show the importance of the forested area of the Parque Estadual do Turvo to maintain the diversity on aquatic insect assemblages. In this way, our results corroborate the recommendation of SEMA (2005) that the streams outside of the PET (e.g., headwater of Arroio Mairosa, Arroio Calixto, and Arroio Fabio) should be totally included in the protected area of the PET. Additionally, the conservation of riparian vegetation from other watersheds that drain into the PET (Rio Turvo and Rio Parizinho) is also essential for the conservation of aquatic fauna and water resources of the PET. These actions would greatly minimize the sediment carrying, pesticides, and fertilizers in the runoff into the park, and so effectively conserving the aquatic fauna and the water resources of PET.
